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(57) A laser printer (10) produces an image of raster 
scan lines exhibiting a pitch distance p. The printer (10) 
includes a photoreceptor (36) and n laser sources (51), 
where n £ 2. First and second sets of laser sources (51 ), 
in one embodiment, produce plural optical beams 
(34,34') which, when imaged on the photoreceptor (36), 
are separated by pitch distance p in the direction of 
movement of the photoreceptor (36). The first set and 
second sets of laser sources (51) are separated by a 
distance S PR =c(1+qr)p , where: c = number of laser 
sources (51) in each set, q = an integer, and r = number 
of rows of laser sources (51) in both the first and second 
sets. The optical beams (34,34') are modulated with 
pixel value data in accordance with a correspondence of 
image scan lines and positions of the optical beams 
(34,34') on the photoreceptor (36). The photoreceptor 
(36) is moved by a distance (q • c • r)p between scans. In 
such manner, an interleaving of the scan lines is 
achieved, which allows substantial separation of laser 
diodes (51) on a laser diode chip (50). 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to laser printers and cop- 
iers and. more particularly, to a method and apparatus 
for enabling a multi-beam laser copier/printer to print 
interleaved, high resolution, raster scan lines from 
widely spaced laser sources. 

BACKGROUND OF THE INVENTION 

[0002] Efforts are continually being made to increase 
the printing/copying speed of laser printers and copiers 
while, at the same time, reducing their cost. One such 
laser printer/copier scans one or more laser beams over 
the surface of a photoreceptor in a repetitive raster fash- 
ion, using a rotating polygonal mirror. 
[0003] In order to increase the speed of operation of 
such a device, the prior art has attempted to use plural, 
concurrently scanned, laser beams tO\ achieve an 
increase of the exposure/^rint speed. Mochizuki et al. 
describe such a system in "Dual Beam Diode Laser 
Scanning System for High Speed Laser Beam printers" 
Proceedings of the I, S and T Conference, Japan 1993, 
pages 222-225. To achieve their dual beam scan sys- 
tem, Mochizuki et al. employ isolated diode lasers 
whose laser beams are fed through complex optical 
pathways to a scanning mirror. A rotationally asymmet- 
ric aspheric lens is employed to enable use of long 
wavelength diode lasers. Complex optical pathways and 
lenses add significant cost to the printer/copier. 
[0004] In U. S. Patent 5,691 ,759 to Hanson, assigned 
to the same Assignee as this application, a laser printer 
is disclosed which produces a raster image of plural 
scan lines of image pixels, each raster scan line sepa- 
rated from an adjacent raster scan line by a pitch dis- 
tance p. The printer includes a movable photoreceptor 
and n laser sources, where n £ 2. The n laser sources 
produce n optical beams that, at the photoreceptor, are 
separated by a distance of (n+1)p in a direction of 
movement of the photoreceptor. A scanner scans the 
plural optical beams in parallel paths across the pho- 
toreceptor, as they are modulated in accordance with 
raster scan line pixel data provided from an image 
buffer. At the completion of each scan, the photorecep- 
tor is moved by a distance (n x p), and the n optical 
beams are again modulated with pixel values from 
another set of raster scan lines that are respectively, 
(n+1)p distant from the raster scan lines of the first 
scan. In such manner, an interleaving of the scan lines 
is achieved, using plural optical beams from a single 
laser diode chip, to produce the n laser beams. The dis- 
closure of U.S. Patent 5,691 ,759 is incorporated herein 
by reference. 

[0005] The required resolution of newly designed 
laser print engines is now up to 1200 dots per inch (dpi), 
which equates to inter-dot spacings of about 21 \i. Cur- 



rently available low cost laser scan mechanisms cause 
a 5x to 10x magnification, at the photoreceptor, of the 
inter-b am spacings. 

[0006] When diode lasers are integrated into a single 

5 chip structure, if their inter-diode spacings are less than 
about 50n, thermal effects between adjacent diodes 
begin to affect system performance. 
[0007] In the system described by Hanson in U. S. 
Patent 5,691 ,759, the inter-diode spacing in the process 

10 (or paper-movement) direction is fixed by the expres- 
sion (n+1 )p, where n is the number of lasers and p is the 
required inter-dot pitch distance on the photoreceptor. If 
4 lasers are incorporated into a laser chip, as shown in 
Fig. 8 of Hanson, the required irrter-diode spacing is 

15 (4+1)p or 104|i at p=21 \i on the photoreceptor (in a sys- 
tem where there is no magnification in the projection 
path). To produce a resolution level of 21 ji between dots 
on a photoreceptor with a 5x magnifying scanner, 
requires that the inter-diode spacings on the laser chip 

20 be about 21 \i (i.e., 104/5), which is less than half the 
required inter-diode spacing. 
[0008] Accordingly, it is an object of this invention to 
provide an improved method and apparatus for employ- 
ing multiple beams to scan a photoreceptor in a laser 

25 imaging device. 

[0009] It is another object of this invention to provide 
an improved multi-beam, scanned laser imaging device 
wherein plural laser diode sources are utilized that are 
spaced in a manner to avoid inter-diode effects. 

30 

SUMMARY OF THE INVENTION 

[0010] A laser printer produces an image of raster 
scan lines exhibiting a pitch distance p. The printer 

35 includes a photoreceptor and n laser sources, where n 
£ 2. First and second sets of laser sources, in one 
embodiment, produce plural optical beams which, when 
imaged on a photoreceptor, are separated by pitch dis- 
tance p in the direction of movement of the photorecep- 

40 tor. The first set and second sets of laser sources are 
separated by a distance S=c(1+qr)p, where: c = 
number of laser sources in each set, q - an integer, and 
r = number of rows of laser sources in both the first and 
second sets. The optical beams are modulated with 

45 pixel value data in accordance with a correspondence of 
image scan lines and positions of the optical beams on 
the photoreceptor. The photoreceptor is moved by a dis- 
tance (q*cv)p between scans. In such manner, an 
interleaving of the scan lines is achieved which allows 

so substantial separation of laser diodes on a laser diode 
chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0011] 

Fig. 1 is a block diagram of a printer system for 
performing the invention hereof. 
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Fig. 2 is a more detailed block diagram of a laser 
print engine shown in block form in Fig. 1 . 

Fig. 3 schematically illustrates a semiconductor 
chip having plural laser diodes integrated 
thereinto. 

Fig. 4a shows a subset of the laser diodes of Fig. 3. 

Fig. 4b is a chart which schematically illustrates an 
interleaving of scan lines on a photorecep- 
tor that are produced by the subset of the 
laser diodes of Fig. 4a. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] Fig. 1 is a high-level block diagram of a laser 
printer 10, including a central processing unit 12, a laser 
print engine 14 and an input/output module 16 for 
receiving image data from a host processor. Printer 10 
further includes a random access memory (RAM) 18 
and a read-only memory (ROM) 20. RAM 18 includes a 
portion which serves as a raster image buffer 22. As 
known to those skilled in the art, raster image buffer 22 
stores plural raster lines of an image in the form of pixel 
values. Those pixel values, when fed to print engine 14, 
enable output of an image onto a media sheet. 
[001 3] ROM 20 includes a buffer control read-out pro- 
cedure and further includes a set of constants which 
indicate the number of laser diodes present in print 
engine 14 and the physical arrangement thereof (to 
enable an adjustment of scan actions if one or more is 
offset from the beginning of a scan line). 
[001 4] Fig. 2 shows details of print engine 1 4 and illus- 
trates a laser module 30 which outputs a plurality of 
laser diodes that produce laser beam sets 32, 32\ The 
laser beam sets are respectively modulated in accord- 
ance with input pixel data (with only two laser beam sets 
shown to avoid over-complicating the Fig.). Laser beam 
sets 32, 32* are directed at a scan mechanism 34 which, 
in the known manner, causes beam sets 32, 32' to be 
scanned across a photoreceptor 36 on a drum 38. 
Motive means (not shown) are connected via a shaft 40 
to drum 38 and enable rotational movement thereof. 
[0015] To assure a proper sequencing of pixel data 
from raster buffer 22 to print engine 14, buffer control 
procedure 21 (in ROM 20) initially calculates which lines 
of the raster image will be fed to modulate the respec- 
tive laser diodes. The movement of drum 38 and data 
output from raster buffer 22 to print engine 14 must be 
controlled to enable all of the data from raster buffer 22 
to be output in a manner to assure that all data is prop- 
erly written by the laser diodes onto photoreceptor 36. 
Such control is achieved through control of print engine 
14 by CPU 12 and buffer control procedure 20. 
[001 6] Fig. 3 illustrates, schematically, a semiconduc- 
tor chip 50 which includes a plurality of laser diodes that 
are arranged in rows and columns. In specific, Fig. 3 



illustrates three rows n, r2, and r3 and three intersect- 
ing columns c1 , c2 and c3. Positioned at the intersection 
of each row and column is a laser diode 51. Laser 
beams which emanate from the laser diodes positioned 
5 along a row are hereafter referred to as a laser beam 
set or beam set. 

[0017] With reference back to Fig. 2, laser diode chip 
50 is positioned in laser module 30 and scan mecha- 
nism 34 scans the plurality of laser beam sets which 

10 emanate therefrom in the direction indicated by scan 
direction arrows 52. It is to be hereafter assumed that 
scan mechanism 34 subjects laser beam sets 32 and 
32' to a magnification M. Photoreceptor 36 is moved by 
drum 38 in a process direction 54. 

is [0018] Returning to Fig. 3, each of rows r1 , r2, r3 of 
laser diodes 51 is oriented at an angle <5> with respect to 
scan direction 52 so that the laser diodes that are posi- 
tioned along a row are offset from each other by a dis- 
tance p/M, where: p = the required pitch of dots on a 

20 media sheet and M = the magnification of scan mecha- 
nism 34. Accordingly, when the beams emanating from 
laser diodes 51 are scanned in scan direction 52, each 
beam set from a row of laser diodes 51 produces 3 dots 
that are scanned across photoreceptor 36. Those dots. 

25 comprising three beam sets, are schematically shown 
to the left of chip 50 at 56, 58 and 60, respectively. The 
dots in each beam set reside on adjacent scan lines and 
are, thus, respectively separated by a distance p from 
each other on photoreceptor 36. 

30 [0019] As indicated above, the requirement for a high 
level of dot resolution on the photoreceptor 36, accom- 
panied by the use of a scan mechanism 34 which 
includes a magnification factor M, complicates the 
placement of laser diodes 51. Further, it is useful to be 

35 able to adjust the positions of laser diodes 51 in accord- 
ance with the specific levels of magnification present in 
scan mechanism 34. The Hanson patent (5,691,759) 
described above, provides for interleaved scans of laser 
beams, but requires fixed distances between scan rows. 

40 [0020] This invention departs from that arrangement 
by enabling a positioning of the respective laser beam 
sets an incrementally variable distance apart, while 
assuring that as the interleaved exposure of photore- 
ceptor 36 is accomplished, no scan line is caused to 

45 overwrite a scan line produced by a positional ly dis- 
placed laser beam set. More precisely, each row of laser 
diodes 51 (i.e., a set) is spaced from a corresponding 
row of laser diodes 51 in a next set by a spacing S d 
where 

so 

S d = c(1+qr)p/M (a) 

where: 

55 V is a value indicating the number of columns of 
laser diodes; 

V is the number of rows of laser diodes: and 
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"q" is an integer value which determines inter-scan 
line distances. 

[0021 ] The use of expression (a) to establish the dis- 
tance between succeeding sets of laser diodes enables 
the laser diodes to be spaced on chip 50 in a manner 
which avoids inter-diode interference and thermal inter- 
actions. At a minimum, laser diodes 51 are separated in 
the process direction by at least a minimum distance 
S m m (about 50ji) ( where S d £ M(S mjn ). Further, the use 
of expression (a) to set the spacings of the laser diodes 
allows the laser beam sets to produce dot spacings on 
photoreceptor 36 at high levels of resolution. 
[0022] As will become apparent from the description 
below, a certain number of scan lines at the top of a 
media sheet will comprise incomplete swaths of raster 
line data. Similarly, because of the angled columnar 
arrangement of the respective laser diodes 51, the 
scanning of each thereof will start at a displaced posi- 
tion from laser diodes in other columns. Accordingly, 
depending upon the number of laser diodes and the 
columnar/row arrangement thereof, buffer control pro- 
cedure 20 operates to only commence modulating the 
respective laser diodes when their respective beams 
reach a common edge point of photoreceptor 36, either 
from side to side in scan direction 52 or from top to bot- 
tom in process direction 54. 

[0023] Turning now to Fig. 4a, the operation of the 
invention will be described in the context of a 4 laser 
diode array which produces four laser beams A, B, C 
and D that are incident on photoreceptor 36. Laser 
beams A and B comprise a first set and laser beams C 
and D comprise a second set. Laser beams A and B are 
separated by one scan row or a pitch distance of p. 
Laser beams C and D are similarly spaced. As indicated 
to the right of the respective laser beam sets, the spac- 
ing therebetween in process direction 54 on the pho- 
toreceptor is given by the expression 

S p R = c(1*qr)p = 2(1+q2)p = 6qp. 

[0024] As indicated above, q may be assigned any 
integer value. The chart of Fig. 4b illustrates the position 
of laser beams A, B, C and D during succeeding scans 
thereof on photoreceptor 36, when the values of q are 
varied from 1 to 4. In the leftmost column of Fig. 4b, the 
scan results are shown wherein the value of q is set 
equal to 1 . In such instance, S PR = 6p, thereby indicat- 
ing that beams A and B are displaced from beams C 
and D on photoreceptor 36, respectively, by 6 pitch dis- 
tances p. During a first pass, starting at scan line -4, 
scan lines -2 and -1 are not filled, whereas scan lines - 
4, -3, 2 and 3 are filled. During a second pass, photore- 
ceptor 36 is moved by a distance (q • c • r)p (or 4p when 
q=1), so as to position laser beam A at scan lin 1. 
Accordingly, during the second pass, scan lines 0, 1, 6 
and 7 are filled. Thereafter, succeeding movements of 
photoreceptor 36 by th distance (q*c*r)p allows all 



scan lines to be filled with pixel data without any scan 
fines overwriting previously written scan lines. 
[0025] If q=2, S PR =10p and the scans occur as shown 
in q=2 column of Fig. 4b. Photoreceptor 36 is moved 8p 

5 after each scan. Note that a complete fill does not begin 
to occur until 8 scan lines have occurred, at which point 
a complete fill is produced. When q=3, a complete fill 
does not occur until the 13th scan line, and with q=4, a 
complete fill does not commence untii scan line 17. In all 

10 cases, however, once a complete fill begins there is no 
overwriting of previously written scan line pixel data. 
[0026] As can thus be seen, spacing succeeding rows 
of diodes in accordance with a chosen value of q on 
laser diode chip 50, and the incrementing of photore- 

15 ceptor 36 by a distance (q • c • r)p after each scan, ena- 
bles an interleaving of raster scan lines without creating 
overwrites on previously scanned lines. 
[0027] If only two laser diodes are utilized to produce 
the interleaved scan arrangement (i.e., one laser diode 

20 per set), the aforementioned relationships hold and 
allow the respective diodes to be spaced apart by a 
desired distance S d . If plural columns of laser diodes 
are utilized, then each of the laser diodes positioned 
along a row must be arranged so that the respective 

25 dots which they project onto photoreceptor 36 are offset 
by the desired dpi pitch distance. Such spacing can be 
achieved by offsetting the respective positions of the 
laser diodes in the scan direction. 
[0028] It should be understood that the foregoing 

30 description is only illustrative of the invention. Various 
alternatives and modifications can be devised by those 
skilled in the art without departing from the invention. 
Accordingly, the present invention is intended to 
embrace all such alternatives, modifications and vari- 

35 ances which fall within the scope of the appended 
claims. 

Claims 

40 1 . A laser printer (10) for producing a raster image of 
plural raster scan lines of pixels having a scan line 
to scan line pitch distance of p, said printer (10) 
comprising: 

45 a photoreceptor (36) ; 

n laser sources (51), where n £ 4, a first set of 
said n laser sources (51) including at least a 
first pair of laser sources (r1c1, r1c2) and a 

so second set of said n laser sources (51) includ- 

ing at least a second pair of laser sources 
(r2d, r2c2), each said set when imaged on 
said photoreceptor (36) producing a pair of 
spots separated by p in a direction of move- 

55 merit of said photoreceptor (36), corresponding 

pairs of spots from said first set and said sec- 
ond set separated by a distance 
S PH =c(1+qr)p, wher : c = number of laser 
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sources (51) in each set, q = an integer £ 1, 
and r = number of laser sources (51) in the first 
set and the second set; 

scan means (34) for simultaneously scanning 
optical beams (32,32*) from said laser sources 
(51) in parallel paths across said photoreceptor 
(36); 

image buffer memory means (22) for storing 
plural raster scan lines of pixel values compris- 
ing an image; 

control means (12,14,21) for modulating said 
optical beams (32,32') with raster scan lines of 
pixel values in accordance with a correspond- 
ence of (i) said scan lines in said image and (ii) 
positions of said optical beams (32,32*) on said 
photoreceptor (36); and 

means (38) for moving said photoreceptor (36) 
by a distance (q • c • r)p between each scan 
action of said scan means (34). 

2. The laser printer (10) as recited in claim 1 , wherein 
said scan means (34) further comprises: 

optical means which magnifies spacings between 
said optical beams (32,32') by a factor of M, said 
laser sources (51) separated by a distance S d in 
said direction of movement of said photoreceptor 
(36) by at least a minimum distance S mjn , and 
wherein S d £ M(S min ). 

3. The laser printer (10) as recited in claim 1 , wherein 
said control means (12,14,21) includes means (21) 
for selectively allocating raster scan line data to 
modulate said n laser sources (51). 

4. The laser printer (10) as recited in claim 2, wherein 
said control means (12,14,21) does not commence 
feeding said pixel values comprising said image 
which is to be printed until a preset number of scans 
of said laser sources (51) have occurred, said pre- 
set number based at least in part on the value of q. 

5. The laser printer (10) as recited in claim 1 , wherein 
said control means (12,14,21) commences feeding 
said pixel values comprising said image during 
each scan line when an image region on said pho- 
toreceptor (36) is reached, said image region set so 
that modulation of all laser sources (51) is enabled 
to commence at a same position in each scan. 

6. A laser printer (10) for producing a raster image of 
plural raster scan lines of pixels having a scan line 
to scan line pitch distance of p, said printer (10) 
comprising: 



a photoreceptor (36); n laser sources (51), 
where n ^ 2, a first set of said n laser sources 
including at least one laser source (rid), and a 
second set of said n laser sources including at 

5 least a second laser source (r2d), correspond- 

ing pairs of spots produced on said photore- 
ceptor (36) by said first set and said second set 
separated by a distance S PR =c(1+qr)p , 
where: c = number of laser sources (51) in 

to each set, q = an integer £ 2, r = number of laser 

sources (51) in the first set and the second set, 
and p = a resolution distance on said photore- 
ceptor (36); 

is scan means (34) for simultaneously scanning 

optical beams (32,32*) from said laser sources 
(51) in parallel paths across said photoreceptor 
(36); 

20 image buffer memory means (22) for storing 

plural raster scan lines of pixel values compris- 
ing an image; 

control means (12,14,21) for modulating said 
25 optical beams (32,32*) with raster scan lines of 

pixel values in accordance with a correspond- 
ence of (i) said scan lines in said image and (ii) 
positions of said optical beams on said pho- 
toreceptor (36); and 

30 

means (38) for moving said photoreceptor (36) 
by a distance (q*c*r)p between each scan 
action of said scan means (34). 

35 7. The laser printer (1 0) as recited in claim 6, wherein 
said scan means (34) further comprises: 

optical means which magnifies spacings 
between said optical beams by a factor of M, 
40 said laser sources (51 ) separated by a distance 

S d in said direction of movement of said pho- 
toreceptor (36) by at least a minimum distance 
S min , and wherein S d £ M(S min ). 

45 8. The laser printer (10) as recited in claim 6, wherein 
said control means includes means for selectively 
allocating raster scan line data to modulate said n 
laser sources. 

so 9, The laser printer as recited in claim 6, wherein said 
control means (12,14,21) does not commence 
feeding said pixel values comprising said image 
which is to be printed until a preset number of scans 
of said laser sources (51) have occurred, said pre- 
ss set number based at least in part on the value of q. 

10. A method for controlling a laser printer (10) to pro- 
duce a raster image comprising plural raster scan 
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lines of pixels, each raster scan line separated from 
an adjacent raster scan line by a pitch distanc p, 
said printer (10) including a photoreceptor (36), an 
image buffer (22) for storing plural raster scan lines 
of pixel values comprising an image, and n laser 5 
sources (51), where n > 4, a first set of said n laser 
sources (51) including at least a first pair of laser 
sources (r1 d ,r1 c2) and a second set of said n laser 
sources (51) including at least a second pair of 
laser sources (r2c1,r2c2), each said set when w 
imaged on said photoreceptor (36) producing a pair 
of spots separated by p in a direction of movement 
of said photoreceptor (36), corresponding pairs of 
spots from said first set and said second set sepa- 
rated by a distance S PR =c(1-K;r)p ( where: c = 15 
number of laser sources (51) in each set, q = an 
integer £ 1 , and r = number of laser sources (51) in 
the first set and the second set, said method com- 
prising the steps of: 

20 

a. simultaneously scanning optical beams 
(34,23') of said first set and said second set 
across said photoreceptor (36) while modulat- 
ing said optical beams (34,34*) of said first set 
with pixel values from a first group of contigu- 25 
ous raster scan lines from said image buffer 
(22) and modulating said optical beams 
(34,34*) of said second set with pixel values 
from a second group of contiguous raster scan 
lines from said image buffer (22), correspond- 30 
ing scan lines of said first group and second 
group separated by a distance S PR =c(1+qr)p 
when imaged on said photoreceptor (36); and 

b. moving said photoreceptor (36) by a dis- 35 
tance (q • c • r)p at an end of each scan; and 

c. repeating steps a and b until said photore- 
ceptor (36) has been exposed in accordance 
with all pixel values of said image. 40 

11. The method as recited in claim 10, wherein step a) 
is inhibited from modulating said optical beams 
(34,34') with pixel values comprising said image 
until a preset number of scans of said laser sources 45 
(51) have occurred, said preset number based at 
least in part on the value of q. 

12. The method as recited in claim 10, wherein said 
pixel values comprising said image are fed to mod- so 
ulate said laser sources (51) during each scan line 
when an image region on said photoreceptor (36) is 
reached, said image region set so that modulation 

of all laser sources (51) is enabled to commence at 
a same point in each scan. ss 



lines of pixels, each raster scan line separated from 
an adjacent raster scan line by a pitch distance p, 
said printer (10) including a photoreceptor (36), an 
image buffer (22) for storing plural raster scan lines 
of pixel values comprising an image, and n laser 
sources (51), where n £ 2, a first set of said n laser 
sources including at least a first laser source (r1c1) 
and a second set of said n laser sources including 
at least a second laser source (r2c1), each said set 
when imaged on said photoreceptor (36) producing 
at least a pair of spots separated by a distance 
S PR =c(1 +qr)p , where: c = number of laser sources 
(51) in each set, q = an integer £ 2, and r = number 
of laser sources (51) in the first set and the second 
set, said method comprising the steps of: 

a. simultaneously scanning optical beams 
(34,34*) of said first set and said second set 
across said photoreceptor (36) while modulat- 
ing said at least one optical beam (34,34*) of 
said first set with pixel values from a first raster 
scan line from said image buffer (22) and mod- 
ulating said at least one optical beam (34,34*) 
of said second set with pixel values from a sec- 
ond raster scan line from said image buffer 
(22), corresponding first raster scan line and 
second raster scan separated by a distance 
S PR =c(1-Kir)p when imaged on said photore- 
ceptor (36); 

b. moving said photoreceptor (36) by a dis- 
tance (q • c • r)p at an end of each scan; and 

c. repeating steps a and b until said photore- 
ceptor (36) has been exposed in accordance 
with all pixel values of said image. 

14. The method as recited in claim 13, wherein step a) 
is inhibited from modulating said optical beams 
(34,34*) with pixel values comprising said image 
until a preset number of scans of said laser sources 
(51) have occurred, said preset number based at 
least in part on the value of q. 

15. The method as recited in claim 13, wherein said 
pixel values comprising said image are fed to mod- 
ulate said laser sources (51) during each scan line 
when an image region on said photoreceptor (36) is 
reached, said image region set so that modulation 
of all laser sources (51) is enabled to commence at 
a same point in each scan. 



13. A method for controlling a laser printer (10) to pro- 
duce a raster image comprising plural raster scan 
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